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ABSTRACT 

Multiconfiguration Dirac-Hartree-Fock electric quadrupole (E2) and magnetic dipolc 
(Ml) transition probabilities are reported for transitions between levels of 3d 5 in 
[Fe iv]. The accuracy of the ab initio energy levels and the agreement in the length 
and velocity forms of the line strength for the E2 transitions are used as indicators of 
accuracy. The present E2 and Ml transition probabilities are compared with earlier 
Brcit-Pauli results and other theories. An extensive set of transition probabilites with 
indicators of accuracy are reported in Appendices A and B. Recommended values of 
A(E2) + A(M1) are listed in Appendix C. 
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1 INTRODUCTION 

Iron is one o f the main contributors to the m ass of refractory 
dust grains (jSofia. Cardelli fe Savagelll994h . The determina- 
■ tion of its gaseous abundance in ionized nebulae of different 
characteristics can be used to infer the efficiency of dust 
destruction and formation processes in widely different en- 
vironments, ranging from H II regions and their associated 
molecular clouds to planetary nebulae (PNe), the descen- 
dants of asymptotic giant branch stars, which are the main 
sourc e of dust grains in the solar neighbourhood (|Whittetj 

Hi. 

In these photoionized nebulae, Fe + is an important ion- 
ization state, being the dominant ion in most H n regions 
and many PNe. Several [Fe iv] lines are expected to appear 
in the ultraviolet (UV), optical, and infrared spectra of these 
objects but, unfortunately, the more easily accessible optical 
lines are very weak and difficult to measure. Hence, the first 
[Fe iv] line observed in an H H region was th e UV [Fe iv] 
2836.56 A line, observed by iRubin et all (|l997l ) in the Orion 
Nebula with the Hubble Space Telescope. Rubin et al. found 
that the Fe 3+ abundance implied by this line was much 
lower than expected. Subsequent observations of this and 
some weak optical [Fe iv] lines in a ha ndful of H 1 1 regions 
and P Ne confirmed the discrepancy fsee lRodrfguez fe Rubinl 
(2005) and references therein). Since the discrepancy trans- 
lates into a large uncertainty in the iron abundances calcu- 
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lated for most nebulae, it stresses the need for reliable atomic 
data for the Fe ions, especially the transition probabilities 
and electron impact excitation collision strengths that are 
needed to solve the equations of sta tistical equilibrium for 
the lo wer energy levels of these ions (jOsterbrock fe Ferlandl 
12006ft . 

Because of the rough scaling of the line intensity with 
the product of the Fe 3+ density and the electron density, 
optical [Fe iv] lines are more easily measured in objects 
with r elatively large densities (N e ~ 10 6 cm" 3 ), like some 
PNe (iRodrfguez, Corradi fe Mampascl l200ll ; IZhang fe Lit] 
l2002j ; [ziiang et al.ll2005l ). However, these spectra are so clut- 
tered with lines that line identification and deblending can 
be a problem. This is another instance where reliable atomic 
data are needed in order to provide good estimates of the 
relative line intensities. 

The first values of radiative transition rates for [Fe iv] 
were calculated as early as 1958 by Garstang, who u sed 
them to confirm the identification by Thackeray ( 19541) of 
several [Fe iv] lines in the spectru m of the symbiotic nova 
RR T elescopii. Forty years later, iFroese Fischer fe Rubinl 
(1998), motivated by the observati on and analy s is of [Fe iv] 
2836.56 A in the Orion Nebula by [Rubin et~aT] (|l997l ). pro- 
vided improved values for the transition probabilities be- 
tween the 12 lowest levels of Fe 3+ , the same levels for 
whic h effective collision strengths h ad just become avail- 
able l|Berrington fe P clan 1995, 1996]). However, most of the 
observed [Fe iv] lines arise from higher energy levels, and 
new calculations that included these levels were not long in 
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coming: collision strengths from IZhang fc Pradhanl dl997h 
and t ransition probabilities from Froese Fischer fc Rubinl 
l|2004l ). 

The goal of the first iFroese Fischer fc Rubinl (|l998l ) 
publication was to predict radiative transition probabili- 
ties from 3d 5 4 G, 4 P, and 4 D levels to the 6 S 5 /2 ground 
state. In the process, transition probabilities were also com- 
puted for transitions between the levels of the quartet terms. 
Four theoretical methods were compared and best esti- 
mates identified. The multiconfiguration Dirac-Hartree-Fock 
(MCDHF) with the Breit correction was selected in some 
cases for Ml transitions but there was a strong indication 
of an error in the code for some E2 trans itions. In the sec- 
ond paper (jFroese Fischer fc Rubinl 12004 ) the multiconfig- 
uration Hartree-Fock (MCHF) work with Breit-Pauli cor- 
rections was extended to include all levels of the 3d 5 con- 
figuration. In these later calculations, term energy correc- 
tions were used to adjust the position of a term to be in 
close agreement w ith the valu es cited in the Atomic Spectra 
Database (ASD) ((ASD][2008), thereby improving the wave 
function LS term composition. Because there are as many 
as three terms with the same LS value, as for the 2 D ( 5 2 D, 
3D, and iD where the preceding subscript is the senior- 
ity), the adjustments were done in groups in order of energy. 
Thus the final energies are semi-empirical and only the fine- 
structure splitting provide s an in dication of accuracy. In a 
more recent paper, iNaharl (|2006l ) reported radiative transi- 
tion rates for a large number of lines that include electric 
dipole (El), quadrupole (E2), octupole (E3) and magnetic 
dipole (Ml) transitions in Fe IV. The calculations included 
only the one-body relativistic corrections of the Breit-Pauli 
Hamiltonian. Transition calculations were based on the ab 
initio line strength and ASD transition energies. 

Assessing the accuracy of theoretical results in the ab- 
sence of reliable experimental data is as difficult (if not 
more difficult) than the transition calculations themselves. 
One way of establishing accuracy is by validating the re- 
sults through calculations based on different theories. In 
this paper we report results for fully ab initio multicon- 
figuration Dirac-Hartree-Fock results where relativistic ef- 
fects are included in the basic theory and not added as 
a low-order correction as in the Bre it-Paul i calcu lations 
bv lFroese Fischer fc Rubinl l|2004) and lNahar! (|2006l ). Com- 
puted energy levels and their fine-structure splitting can be 
used as an indicator of the accuracy of the wave function 
along with the agreement in the length and velocity forms 
of the line strength for E2 transitions. All calculations were 
performed using the most recent revised a nd corrected par- 
allel GRASP2K code |jonsson et alj|2007l ). 



2 COMPUTATIONAL PROCEDURE 

In the MCDHF approach (|Grantl 120071 ) the wave function 
\l/ for a state labelled 7J, where 7 represents the configu- 
ration and any other quantum numbers required to specify 
the state, is approximated by an expansion over jj-coupled 
configuration state functions (CSFs) 



tt( 7 J) = £ Cj $( 7 iJ). 



(1) 



The configuration state functions <&(ijj) are anti- 
symmetrized linear combinations of products of relativistic 
orbitals 



1 / Pn K {r)x Km {r) 
iQn K (r)x- K m(f) 



(2) 



Here ft is the relativistic angular quantum number, P nK (r) 
and Q nK {r) are the large and small component radial wave 
functions and x Km (f ) is the spinor spherical harmonic in the 
Isj coupling scheme 



Xnm(f) 



/ (l-mim s I jm)Yi mi (9,ip)£ ma {cr). 



(3) 



The radial functions P nK (r) and Q nK {r) are numerically rep- 
resented on a logarithmic grid and are required to be or- 
thonormal within each k symmetry, 



[P n > K (r)P nK (r) + Q n > K {r)Q nK {r)]dr = S n 



(4) 



In the multiconfiguration self-consistent field (MC-SCF) 
procedure both the radial functions and the expansion co- 
efficients for the configuration state functions are optimized 
to self-consistency. 

Once a set of radial orbitals has been obtained, relativis- 
tic configuration interaction (RCI) calculations can be per- 
formed to include the Breit interaction and quantum elec- 
trodynamic (QED) effects. At this stage only the expansion 
coefficients of the CSFs are determined. This is done by di- 
agonalizing the Hamiltonian matrix. 

In the relativistic configuration interaction calculations 
the transverse photon interaction 



LCtrar, 



o.i ■ otj cos(iOijrij) 



+ (ati ■ V l )(a J ■ Vj 



cos(ajij n 



(5) 



may be included in the Hamiltonian. The photon frequency 
ujij used by the RCI program in calculating the matrix el- 
ements of the transverse photon interaction is taken to be 
the difference in the diagonal Lagrange multipliers e* and tj 
associated with the orbitals. In general, diagonal Lagrange 
multipliers are approximate electron removal energies only 
when orbitals are spectroscopic and singly occupied. Thus 
it is not known how well the code can determine the full 
transverse photon interaction when correlation orbitals are 
present and orbitals are multiply occupied as in the present 
case. What can be obtained instead is the low frequency 
limit ujij — » usually referred to as the Breit interaction. 

The transition parameters, such as rate and weighted 
oscillator strength, for a multipole transition of rank K from 
7 J to 7' J' are all related to the reduced transition matrix 
element 



(*(7J)||0 (K) ||*(7'J')>, 



(6) 



where 0^ A ' is the relevant transition operator (|Grandll974T l. 
In the present study these are the E2 and Ml transitions 
between levels of 3d 5 but with transitions to the 3d 5 6 £5/2 
ground state being of greatest interest. 
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Table 1. Computed energy levels (in cm -1 ), splitting (separation between levels of a term), difference from 
observed ( ASD 2008) (computed - observed), and composition of the 3d 5 levels. The J- values within a term 
that are not in the observed order are preceeded by an asterisk. 



level 


LS 


J 


Energy 


Splitting 


Diff. 




Composition (%) 


f 


6 S 


5/2 


0.0 


0.0 


0.0 


97 






2 


*G 


11/2 


33491.9 




1246.4 


96 






3 




9/2 


33538.1 


46.2 


1245.3 


97 






4 




5/2 


33547.3 


9.2 


1246.1 


97 






5 




7/2 


33551.6 


1.3 


1245.9 


97 






6 


4p 


5/2 


35721.3 




467.5 


93 - 


f 3 4 D 




7 




3/2 


35791.4 


70.2 


458.1 


94 - 


f 2 4 D 




8 




1/2 


35850.1 


58.7 


443.5 


96 






9 


4 D 


7/2 


39837.1 




1057.7 


96 






10 




1/2 


39945.5 


108.4 


1048.8 


96 






11 




5/2 


39963.9 


18.4 


1028.8 


94 - 


f 3 4 P 




12 




3/2 


39973.2 


9.2 


1035.0 


94 - 


f 2 4 P 




13 


2 I 


11/2 


49190.0 




2099.5 


96 






14 




13/2 


49202.9 


12.8 


2112.4 


96 






15 




5/2 


50558.7 




1017.2 


55 - 


f 22 3 2 F 


+ 18 i 2 D 


16 




3/2 


51043.7 


484.9 


992.3 


70 - 


f 23 ! 2 D 


+ 3 4 F 


17 


£f 


7/2 


52442.9 




1049.7 


94 - 


f 1 4 F + 


1 5 2 F 


18 




5/2 


53192.8 


749.9 


1026.1 


70 - 


f 7 4 F + 


14 5 2 D + 


19 


4 F 


9/2 


53833.1 




1212.4 


95 - 


f 1 2 G 




20 




7/2 


53896.4 


63.3 


1201.0 


95 - 


f 1 3 2 F 




21 




*3/2 


54022.3 


125.9 


1185.2 


93 - 


f 3 5 2 D H 


- 1 i 2 D 


22 




*5/2 


54007.1 


-15.2 


1169.1 


88 - 


f 4 3 2 F -t 


- 3 5 2 D 


2.3 


2 H 


9/2 


57734.1 




1675.8 


84 - 


f 12 2 G 




24 




11/2 


58007.6 


273.5 


1638.8 


96 






25 




7/2 


59234.6 




1826.6 


96 






26 




9/2 


59504.8 


270.3 


1783.6 


83 - 


f 12 3 2 H 


+ 1 4 F 


27 


£f 


5/2 


62901.4 




1744.8 


95 






28 




7/2 


62999.2 


97.8 


1744.8 


96 - 


hl 3 2 F 




29 


2 S 


1/2 


68332.5 




1612.3 


96 






30 


z 2 D 


3/2 


75648.8 




1552.2 


96 






31 




5/2 


75686.5 


37.7 


1573.4 


96 






32 


3 2 G 


9/2 


85049.1 




2154.3 


96 






33 




7/2 


85050.3 


1.1 


2153.0 


96 






34 


2p 


3/2 


102444.0 




2326.0 


96 






35 




1/2 


102447.9 


.3.9 


2321.9 


96 






36 




5/2 


110374.1 




2122.0 


72 - 


f 23 5 2 D 




37 




3/2 


110392.0 


17.9 


2133.7 


72 - 


f 23 £D 





3 MCDHF CALCULATION AND RESULTS 

A series of calculations were performed that will be identified 
by the maximum principal quantum number n = 3, 4, 5, 6 of 
orbitals of the wave function. In all cases, the ls 2 2s 2 2p 6 
core was treated as an inactive core. In our first n = 3 
calculation the wave function expansion included all single- 
and double- excitations to the 3d subshell or CSFs obtained 
from 3s — > 3d and 3p 2 — > 3d 2 excitation. All orbitals were 
varied in an extended optimal level (OL) calculation for all 
the 37 lowest levels: four for J = 1/2, seven for J = 3/2, ten 
for J = 5/2, seven for J — 7/2, five for J = 9/2, three for 
J = 11/2, and one for J = 13/2. This calculation accounts 
for the near degeneracy effects between CSFs in the n = 3 
shell. 

The n = 4 calculation included an additional layer of 
orbitals, namely {4s, 4p, 4d, 4/} orbitals with a wave func- 
tion expansion that, in addition to the n — 3 CSFs, included 
single- and double- (SD) excitations from 3p 6 3d 5 , but with 
at most one excitation from 3p 6 as in a core valence calcu- 
lation, with 3p 6 being part of the core and 3d 5 the valence 



configuration. The latter included 37 486 CSFs. Only the 
41 orbitals were varied. Since these orbitals are not occu- 
pied in the single configuration wave function, these orbitals 
are virtual orbitals also referred to as correlation orbitals. 
The n = 5 calculation extended the correlation orbitals to 
include also {5s, 5p, 5d, 5/, 5g} orbitals. The SD excitation 
process (restricted to at most one excitation from 3p 6 ) re- 
sulted in a wave function expansion of 213 037 CSFs for 
our range of J. The final n — 6 calculation introduced 
{6s, 6p, 6d, 6/, 6g} orbitals but the only CSFs added to the 
expansion were those from SD excitations from 3d 5 . Because 
of the importance of the J = 5/2 levels in this work, this 
last set of orbitals were optimized for the ten J — 5/2 levels. 
Once optimized radial functions were determined, relativis- 
tic configuration interaction (RCI) calculations were per- 
formed to include the Breit correction. The sizes of the ma- 
trices were 18 350, 33 356, 42 642, 45 325, 42 221, 35117, 
and 26 359 respectively for J = 1/2 to J = 13/2. 

In this description, we have used a non- 
relativistic terminology, but the JJGEN program 
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Table 2. Comparison of J = 5/2 energy level separation (in 
cm^ 1 ) with observed. 



Term 


Level 


Separation 


ratio 




(Obs) 


Obs 


Calc 


(Calc/obs) 


6 S 











4(3 


32301 


32301 


33547 


1.04 


H> 


35254 


2953 


2174 


0.74 


±D 


38935 


3681 


4243 


1.15 


iD 


49542 


10606 


10595 


1.00 


3 2 F 


52167 


2625 


2634 


1.00 


i F 


52838 


671 


814 


1.21 


#F 


61157 


8319 


8894 


1.07 


3 2 D 


74133 


12977 


12785 


0.99 


i 2 D 


108242 


34109 


34687 


1.02 



l|Sturreson. Jonsson fc Froese Fischerl l2007h used to gener- 
ate the CSFs translates the terminology to the relativistic 
framework where a 4p orbital, for example, is either a 4p!/ 2 
or 4p 3 / 2 orbital and the coupling of each CSF is described 
in terms of j'j-coupling. 

Since the present calculations are entirely ab initio, our 
measure of accuracy will be the energy level structure of 
terms and their fine-structure. The 3d 5 6 S ground state, 
where all spin-quantum numbers are the same, has some 
correlation in the motion of the electrons included already 
at the single configuration Dirac-Hartree-Fock (DHF) level 
through the antisymmetry requirement of the CSF. In fact 
the correlation correction to the total energy for the 6 5 term 
is much smaller than for other terms. Thus we cannot expect 
the higher energy levels r elative to 6 S to be in good agree- 
ment with observed levels (|ASDl l2008). but they should be in 
better relative agreement with each other. In particular the 
difference between the computed and observed level struc- 
ture should be essentially constant within a term. 

The final (n — 6) energy levels relative to the ground 
state for these calculations are reported in Table [T] The en- 
ergy levels of the lowest term ( 4 G) differ from observed by 
3.7 % but those of the highest term (i 2 D) are accurate to 
2.0 % and compare favourably with errors of more than 
10 % for low er and 5 % for the higher levels reported by 
iNaharl ^OOrj ). The MCDHF energies include the Breit cor- 
rection which is important in changing the order of the levels 
for the 4 G term from [5/2, 7/2, 9/2, 11/2] to the observed 
order of [11/2, 9/2, 5/2, 7/2]. In addition the energies rel- 
ative to the lowest { 4 G 11/2 ) of [46.2, 56.0, 60.0] cm are 
in ex cellent agre ement with observed values of [47.3, 55.7, 
60.2] ||ASD| 2008). respectively. The only fine-structure levels 
not in their observed order are the J = 5/2, 3/2 levels of 4 F: 
our calculated values are separated by 15.2 cm" 1 whereas 
the observed J = 3/2 should be lower than J = 5/2 by 0.9 
cm" 1 . However this does not directly contribute to the error 
in the wave function since only CSFs of the same parity and 
J have non-zero interaction matrix elements. Comparing the 
wave function composition to the earlier MCHF Breit-Pauli 
term composition, there is a general reduction in the admix- 
ture of different LS terms. For example, whereas the present 
3 2 F$/2 has a dominant contribution of 70 % it was only 60 % 
in the earlier work. 

What may be important for the accuracy of the wave 
function is the separation of levels of the same J and parity. 



Table [2] shows the ten lowest observed J = 5/2 levels and, 
for each level except the lowest, the difference in energy of 
the level from the one immediately preceding it in the table. 
This difference represents the separation between levels of 
the same J. Also reported is the ratio of the present and ob- 
served separation. The greatest deviation from unity (with 
a ratio of 0.74) is for the separation between the ^5/2 an d 
the 4 Ps/2 levels: the calculated separation of 2174 cm -1 is 
too small compared with the observed separation of 2953 
cm" 1 . The second largest deviation from unity (with a ratio 
of 1.21) is for the separation of the 3 2 F and 4 F J = 5/2 lev- 
els. The important separations are those where configuration 
mixing occurs. A more detailed analysis of the wave func- 
tion composition of the ground state shows that the largest 
admixture is 4 Ps/2, and that the 6 S 5/2-^5/ 2 energy separa- 
tion is accurate to 1.3 %; the largest admixture to 4 Gs/2 
is from 2,4 F s / 2 and the energy separation of the latter two 
with respect to 4 G^/2 has similar accuracy. This suggests 
that the compositions of the 6 S$/2 and 4 G$/2 wave functions 
are reliable. Table [1] shows the larger admixture of 4 D 5 / 2 in 
the 4 P$/2 wave function and vice versa. The separation of 
these energy levels is in error by 15 %. It is reasonable to 
assume that the energy adjusted results from the MCHF cal- 
culation yield the more accurate transition probability when 
this mixing is important. 

Table [3] reports transition probability data for E2 and 
Ml transitions to the ground state for all levels consid- 
ered in this paper except for a few weak lines from J = 
1/2 levels. Included in this table is the observed wave- 
length (in vacuum) and the computed line strength S, 
the weighted oscillator strength gf, the transition rate 
Aki(N) normalized to the observed wavelength and the 
ab initio unnormalized Aki(U) value, both in s~ . Thus 
the normalized value is obtained from the computed line 
strength and the observed wavelength. All these values are 
computed in the l ength form. Also in cluded are "indica- 
tors of accuracy" (jFroese Fischerl I2008T ). The factor SE = 
AE(calc) I AE(obs) — 1 is a measure of the accuracy of the 
transition energy and is always positive for the transitions 
considered in this table. Consequently, normalization re- 
duces all these transition rates. The factor 

5T = S(length) - S(velocity) |/ max(S'(length), S(velocity)) 

is a measure of the agreement in length and velocity values 
of the line strength S for E2 transitions. Because all of the 
transitions in this table are LS forbidden with contributions 
arising from small components of the wave function, some 
ST factors are relatively large. Generally the length form of 
the line strength is the more stable value as more correlation 
is included in the calculation. 

A complete list of similar data for all multiplets between 
different LS terms of 3d 5 is provided in Appendix A (for 
E2) and Appendix B (for Ml) transitions. Not included are 
transitions between levels within an LS term for which the 
transition energy is less than 100 cm" 1 . 



4 COMPARISON OF TRANSITION 
PROBABILITIES 

In order to further assess the accuracy of these results, we 
compare in Table [4] the present transition probabilities be- 
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Table 3. Observed vacuum wavelength A (A) and calculated line strength S, weighted absorption os- 
cillator strength gf, and radiative transition rate A*.; (s" 1 ) for E2 and Ml transitions to the ground 
state. Transition rates normalized to observed wavelengths (Afcj(N)) and unnormalized ab initio values 
(Afci(U)) are reported. Also included are the accuracy indicators: SE = AE(calc) / AE(obs) — 1 and 
ST = |5(length) - S(velocity)|/ max(S(length), ^(velocity)). 



Term 


J 


A (vac) 




S 




gf 




A fcl (N) 


A fci (U) 


SE 


ST 


*G 


9/2 


3096.67 


E2 


2.361 


-08) 


1.335( 


-16) 


9.285 


-09) 


1.122 


-08) 


0.037 


0.038 




5/2 


3095.86 


E2 


2.033 


-08) 


1.150 


-16) 


1.334 


-08) 


1.612 


-08) 


0.037 


0.066 








Ml 


1.400 


-07) 


1.828( 


-13) 


2.120 


-05) 


2.375 


-05) 








7/2 


3095.43 


E2 


2.417 


-08) 


1.368( 


-16) 


1.190 


-08) 


1.438 


-08) 


0.037 


0.109 








Ml 


1.883 


-10) 


2.460 


-16) 


2.141 


-08) 


2.398 


-08) 






Ap 


5/2 


2836.57 


E2 


3.862 


-05) 


2.841( 


-13) 


3.925 


-05) 


4.192 


-05) 


0.013 


0.016 








Ml 


6.642 


-03) 


9.468 


-09) 


1.308 




1.361 










3/2 


2830.19 


E2 


1.484 


-05) 


1.099( 


-13) 


2.288 


-05) 


2.441 


-05) 


0.013 


0.031 








Ml 


2.855 


-03) 


4.080 


-09) 


8.494 


-01) 


8.829 


-01) 






4 D 


7/2 


2578.69 


E2 


8.962 


-04) 


8.776( 


-12) 


1.100 


-03) 


1.259 


-03) 


0.027 


0.077 








Ml 


1.565 


-06) 


2.455( 


-12) 


3.078 


-04) 


3.337 


-04) 








1/2 


2570.91 


E2 


3.499 


-05) 


3.458( 


-13) 


1.828 


-04) 


2.088 


-04) 

^ ) 


0.018 


0.033 




5/2 


2568.38 


E2 


6.436 


-04) 


6.378( 


-12) 


1.075 


-03) 


1.225 


-03) 


0.026 


0.090 








Ml 


1.240 


-04) 


1.953( 


-10) 


3.291 


-02) 


3.559 


-02) 








3/2 


2568.17 


E2 


2.518 


-04) 


2.496 


-12) 


6.312 


-04) 


7.196 


-04) 


0.026 


0.089 








Ml 


3.969 


-05) 


6.250( 


-11) 


1.580 


-02) 


1.710 


-02) 






5 2 D 


5/2 


2018.51 


E2 


1.979 


-08) 


4.040 


-16) 


1.102 


-07) 


1.220 


-07) 


0.020 


0.175 








Ml 


1.699 


-06) 


3.404( 


-12) 


9.287 


-04) 


9.871 


-04) 








3/2 


1997.95 


E2 


9.416 


-10) 


1.982( 


-17) 


8.281 


-09) 


9.135 


-09) 


0.019 


0.402 








Ml 


1.278 


-07) 


2.587( 


-13) 


1.081 


-04) 


1.146 


-04) 






3 2 F 


7/2 


1945.74 


E2 


2.233 


-07) 


5.090 


-15) 


1.121 


-06) 


1.240 


-06) 


0.020 


0.080 








Ml 


5.087 


-11) 


1.057 


-16) 


2.328 


-08) 


2.474 


-08) 






Ap 


9/2 


1900.39 


E2 


5.032 


-06) 


1.231 


-13) 


2.274 


-05) 


2.548 


-05) 


0.023 


0.025 




7/2 


1897.70 


E2 


2.295 


-06) 


5.639 


-14) 


1.305 


-05) 


1.461 


-05) 


0.022 


0.016 








Ml 


7.864 


-11) 


1.676( 


-16) 


3.880 


-08) 


4.151 


-08) 








5/2 


1892.58 


E2 


6.260 


-07) 


1.550( 


-14) 


4.812 


-06) 


5.369 


-06) 


0.022 


0.002 








Ml 


4.785 


-08) 


1.022( 


-13) 


3.173 


-05) 


3.388 


-05) 








3/2 


1892.61 


E2 


7.415 


-08) 


1.836( 


-15) 


8.550 


-07) 


9.553 


-07) 


0.022 


0.003 








Ml 


3.149 


-09) 


6.728( 


-15) 


3.132 


-06) 


3.348 


-06) 






2 H 


9/2 


1783.86 


E2 


9.799 


-09) 


2.898 


-16) 


6.075 


-08) 


7.040 


-08) 


0.029 


0.113 


E V 

5 u 




1 741 Q9 




u.oiy 


-W) 


9 1 «(\ 
£.. TOO 


1 7^ 


5.953 


-09) 


6.962 


-09) 


n n^i 


U.OUo 








Ml 


1.319 


-14) 


3.062 


-20) 


8.413 


-12) 


9.242 


-12) 








9/2 


1732.47 


E2 


3.157 


-08) 


1.019 


-15) 


2.265 


-07) 


2.637 


-07) 


0.030 


0.136 


5 2 F 


5/2 


1635.15 


E2 


2.997 


-10) 


1.151 


-17) 


4.786 


-09) 


5.508 


-09) 


0.028 


0.127 








Ml 


1.421 


-12) 


3.514 


-18) 


1.461 


-09) 


1.590 


-09) 








7/2 


1632.54 


E2 


6.856 


-09) 


2.646 


-16) 


8.277 


-08) 


9.525 


-08) 


0.028 


0.285 








Ml 


5.094 


-12) 


1.262( 


-17) 


3.947 


-09) 


4.294 


-09) 








3/2 


1349.59 


E2 


1.282 


-08) 


8.756( 


-16) 


8.017 


-07) 


8.892 


-07) 


0.021 


0.381 








Ml 


4.080 


-12) 


1.222( 


-17) 


1.119 


-08) 


1.191 


-08) 








5/2 


1349.29 


E2 


4.692 


-08) 


3.207( 


-15) 


1.958 


-06) 


2.175 


-06) 


0.021 


0.379 








Ml 


7.206 


-11) 


2.160( 


-16) 


1.319 


-07) 


1.405 


-07) 






3^ 


9/2 


1206.35 


E2 


2.668 


-07) 


2.552( 


-14) 


1.170 


-05) 


1.330 


-05) 


0.025 


0.111 




7/2 


1026.31 


E2 


2.147 


-08) 


2.054( 


-15) 


1.177 


-06) 


1.338 


-06) 


0.025 


0.108 






1206.35 


Ml 


9.927 


-16) 


3.328 


-21) 


1.907 


-12) 


2.059 


-12) 






2 P 


3/2 


998.82 


E2 


3.434 


-07) 


5.786( 


-14) 


9.672 


-05) 


1.085 


-04) 


0.023 


0.149 








Ml 


1.911 


-10) 


7.738 


-16) 


1.293 


-06) 


1.386 


-06) 








1/2 


998.74 


E2 


9.615 


-08) 


1.621 


-14) 


5.537 


-05) 


6.209 


-05) 


0.023 


0.149 



tween 6 S and the 4 G, 4 P, and 4 D terms with previously pub- 
lished values. Included are Garstang's early calculations, re- 
sults from the semi-empi rical orthogonal operator method 
|Raassen fe Uvlingslll996l 1997 - private co mmunication) , 
the one-body Breit-Pa uli results reported by (|Nahar| [2006). 
the two-body MCHF (|Froese Fischer fe Rubinll2004l ) Breit- 
Pauli values, as well as the present normalized (N) and un- 
normalized (U) values. With only one exception, namely the 
transition from 4 Gq/2, the process of normalizing to the ob- 



served wavelength has reduced the transition rate to values 
below those reported for MCHF previously. Since the sep- 
aration of 4 P and 4 D is too large (see Table [5} the mixing 
of these terms is less than in MCHF. The latter calculation 
used the LS term energy corrections to improve the wave 
function composition, a correction we were not able to per- 
for m in the pres ent work. For transitions from *G levels, 
the iNaharl (2006) values are considerably smaller, possibly 
because of the restricted Breit-Pauli operators that were in- 



6 C. Froese Fischer, R. H. Rubin, and M. Rodriguez 



Table 4. Comparison of E2 and Ml transit ion rates Ajij (in s — 1 ) for transitions to the ground state 
for diffe rent th e ories: 1 ) from |Garstan3 ||l958|). 2) fro m Raassen & Uylings (1997, private communication) 
3) from iNaharl 1120061) , iFroese Fischer fc Rubirl (120041) , and present normalized (N) and unnormalized (U) 
MCDHF values. 



LS J Obs AE Semi-empirical MCHF Present Calculation 



1) 2) 3) (N) (U) 



E2 transitions 



k; 


9/2 


32292.8 


<1.0(-09) 


6.92(-12) 


3.06(-10) 


1.85(-09) 


9.29(-09) 


1.12(-08) 




5/2 


32301.2 


<1.0(-09) 


1.95(-08) 


7.64(-09) 


2.30(-08) 


1.33(-08) 


1.61(-08) 




7/2 


32305.7 


<1.0(-09) 


3.18(-08) 


1.19(-08) 


3.32(-08) 


1.19(-08) 


1.44(-08) 




5/2 


35253.8 


3.9(-05) 


4.26(-05) 


6.28(-05) 


4.02(-05) 


3. 93 (-05) 


4.19(-05) 




3/2 


35333.0 


1.5(-05) 


1.99(-05) 


3.52(-05) 


1.21(-05) 


2.29(-05) 


2.44(-05) 




1/2 


35406.6 


very small 


1.67(-06) 


7.11(-06) 


1.47(-05) 


5.52(-06) 


5.87(-06) 




7/2 


38779.4 


l.l(-03) 


1.13(-03) 


1.22(-03) 


1.27(-03) 


1.10(-03) 


1.26(-03) 




1/2 


38897.7 


1.8 (-04) 


1.97(-04) 


2.00(-04) 


2.17(-04) 


1.83 (-04) 


2.08(-04) 




5/2 


38935.1 


1.0(-03) 


1.09(-03) 


1.15(-03) 


1.23(-03) 


1.08 (-03) 


1.22(-03) 




3/2 


38938.2 


6. 2 (-04) 


6.72(-04) 


6.80(-04) 


7. 33 (-04) 


6.31(-04) 


7.12(-04) 


Ml 


transitions 
















5/2 


32301.2 


1.0(-05) 


1.53(-05) 


2.16(-06) 


2.16(-05) 


2.12(-05) 


2.38(-05) 




7/2 


32305.7 


<1.0(-07) 


3.78(-08) 


8.29(-09) 


5. 72 (-08) 


2.14(-08) 


2.40(-08) 




5/2 


35253.8 


1.4 


1.42 


1.21 


1.56 


1.31 


1.36 




3/2 


35333.3 


8.8(-01) 


9.23(-01) 


7.92(-01) 


1.02 


8.49(-01) 


8.83(-01) 




7/2 


38779.4 


2.0 (-04) 


5.90(-04) 


3.33(-04) 


7.67(-04) 


3.08(-04) 


3.34(-04) 




5/2 


38935.1 


5.1(-02) 


5.69(-02) 


l.ll(-02) 


6.64(-02) 


3.29(-02) 


3.56(-02) 




3/2 


38938.2 


3.8(-02) 


2. 75 (-02) 


3.56(-02) 


3.33(-02) 


1.58(-02) 


1.71 (-02) 



Table 5. Comparison of MCHF Breit-Pauli and present normalized transition rates Ajij (in s 1 ) for LS 
allowed E2 and Ml transitions between excited states. 



Transition E2 transition Ml transition 



LS 


L'S' 


J 


J 1 


MCHF 


Present 


MCHF 


Present 


2 I 




11/2 


7/2 


5.00 


4.92 












9/2 


1.50(-01) 


1.47(-01) 


2.24(-05) 


2.28(-05) 






13/2 


9/2 


4.82 


4.78 








2 H 


11/2 


9/2 


5.77(-04) 


5.67(-04) 


8.27(-02) 


8.24(-02) 








11/2 


2.58(-05) 


2.43(-05) 


2.05(-01) 


1.92(-01) 






13/2 


9/2 


1.52(-05) 


1.71(-05) 












11/2 


6.60(-04) 


6.54(-04) 


1.07(-01) 


1.03(-01) 


2 F 


2p 


7/2 


3/2 


7.33 


7.14 










5/2 


1/2 


8.86 


8.63 












3/2 


1.22 


1.18 


9.04(-05) 


1.10(-04) 






5/2 


3/2 


2.00(-01) 


1.93(-01) 


1.59(-01) 


1.38(-01) 








5/2 


6.36(-02) 


6.39(-02) 


2.91(-01) 


2.05(-01) 








7/2 


6.69(-03) 


6.52(-03) 


1.58(-02) 


1.27(-02) 








9/2 


8.95(-05) 


8.96(-05) 










7/2 


3/2 


8.00(-02) 


7.85(-02) 












5/2 


1.10(-01) 


1.21(-01) 


2.11(-02) 


2.67(-03) 








7/2 


7.17(-02) 


7.03(-02) 


1.56(-01) 


1.29(-01) 








9/2 


3.91(-03) 


3.89(-03) 


1.25(-02) 


9.85(-03) 






9/2 


5/2 


6.00(-02) 


6.57(-02) 












7/2 


1.55(-01) 


1.53(-01) 


5.12(-02) 


3.75(-02) 








9/2 


4.71(-02) 


4.66(-02) 


7.31(-02) 


6.40(-02) 






11/2 


7/2 


4.33(-02) 


4.26(-02) 












9/2 


2.23(-01) 


2.20(-01) 


1.60(-01) 


1.36(-01) 



eluded. As mentioned earlier, for these levels the Breit cor- 
rection was needed to produce levels in the observed order. 
The low-order version of this correction consists of the two- 
body Breit-Pauli operators that were omitted in Nahar's 
calculations. What is striking is that, when there is excel- 
lent agreement among the last three columns (and possibly 



others), there is also agreement within 10 % with Garstang's 
1958 result. Examples are some of the transitions from 4 P. 
Exceptions tend to be the very small values for which the 
transition rate is < 10 -9 s _1 . 

Table [5] compares LS allowed values for E2 and Ml 
transitions. All results are now the normalized values. In 
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the majority of the cases there is agreement to within 3 % 
between the two theories over a wide range of transition 
rates. 

Both the Breit-Pauli MCHF method with term en- 
ergy corrections and the present fully relativistic MCDHF 
method have points in their favour. In order to establish a 
set of "best" values, the two sets were merged and agree- 
ment in length and velocity used to select between them. 
Exceptions are the 1/2 - 1/2 transitions for which E2 tran- 
sitions are not allowed. In this case the value selected was 
from the same calculation as for a 3/2 - 1/2 transition of 
the same multiplet. These values are reported in Appendix 
C. Transitions are identified by the index of the lower and 
upper level (as given in table [TJ and the data include the 
wavelength (in vacuum), ^4fci(E2), Aki(Ml), Am (Total) and 
a symbol for the source: B for the earlier Breit-Pauli MCHF 
data and G for the present results obtained using the GRASP 
program. A total of 315 G transitions were selected and 150 
B transitions. It should be noted that the agreement in the 
length and velocity values is not a definitive indicator of ac- 
curacy, but is a reasonable one. All the present normalized 
values of Table 4 were selected as the "best" by this process. 

The publications over the last decade reporting tran- 
sition data for transitions between levels of 3d 5 in [Fe iv] 
illustrate the difficulty of establishing the accuracy of transi- 
tion rates in complex cases. Garstang computed many values 
fifty years ago. Progress has been made but agreement be- 
tween the MCHF Breit-Pauli and MCDHF values for more 
transitions would be desirable. 

In Appendix C we have listed our recommended tran- 
sition rates for both E2 amd Ml transitions as well as their 
sum for the convenience of the community. All appendices 
are in ASCII form for ease in data processing. 
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APPENDIX A: E2 TRANSITION DATA AND 
ACCURACY 



Position: 




1 


- 3 


Lower Level (index from Table 1.) 


4 


- 6 


Upper Level (index from Table 1.) 


7 


- 16 


Wavelength (Angs) , L 


17 


- 27 


Line strength, S 


28 


- 38 


Weighted oscillator strength, gf 


39 


- 49 


A_ki( Normalized), A.ki(N) in 1/s 


50 


- 60 


A_ki( Calculated), A_ki(U) in 1/s 


61 


- 66 


LDeltaE(calc)/DeltaE(obs)] - 1, dE 


67 


- 72 


[A(length)-A(velocity)J/max(A(length, A(velocity), dT 



U 


L(vac) 




s 




gf 






Aki(N) 




Aki (U) 




dE 




dT 


3 


3096 


.67 


2 


,361e-08 


1. 


. 335e- 


•16 


9 


. 285e-09 


1. 


. 122e-08 





.04 


0. 


.04 


4 


3095 


.86 


2 


.033e-08 


1 


. 150e- 


•16 


1 


. 334e-08 


1 


,612e-08 





.04 


0. 


07 


5 


3095 


.43 


2 


.417e-08 


1. 


,368e- 


-16 


1 


. 190e-08 


1. 


,438e-08 





.04 


0. 


. 11 


6 


2836 


.67 


3 


,862e-05 


2 


,841e- 


•13 


3 


. 925e-05 


4 


. 192e-05 





.01 





.02 


7 


2830 


.19 


1 


,484e-05 


1. 


,099e- 


-13 


2 


. 288e-05 


2 


,441e-05 





.01 


0. 


03 


8 


2824 


.33 


1 


,770e-06 


1. 


,319s- 


•14 


5 


.515e-06 


5 


,869e-06 





.01 


0. 


16 


9 


2578 


.69 


8 


.963e-04 


8 


,776e- 


•12 


1 


. 100e-03 


1 


,259e-03 





.03 


0. 


08 


10 


2570 


.91 


3 


,667e-05 


3 


. 623e- 


•13 


1 


. 828e-04 


2. 


,088e-04 





.03 





.09 


11 


2568 


.38 


6 


,436e-04 


6 


. 378e- 


•12 


1 


.075e-03 


1 


,225e-03 





.03 





.09 


12 


2568 


.17 


2 


.518e-04 


2. 


,496e- 


•12 


6 


.312e-04 


7. 


. 196e-04 





.03 





.09 


15 


2018 


.51 


1 


. 979e-08 


4. 


. 040e- 


-16 


1 


. 102e-07 


1. 


,220e-07 





.02 





.17 


16 


1997 


.95 


9 


.416e-10 


1 


,982e- 


•17 


8 


. 281e-09 


9 


. 135e-09 





.02 





.40 


17 


1945 


.74 


2 


. 233e-07 


5 


,090e- 


•15 


1 


. 121e-06 


1. 


,240e-06 





.02 





.08 


18 


1916 


.93 


8 


.228e-14 


1 


,961e- 


•21 


5 


.933e-13 


6 


,540e-13 





.02 


1 


.00 


19 


1900 


.39 


5 


,032e-06 


1. 


.231s- 


-13 


2 


. 274e-05 


2. 


,548e-05 





.02 





.03 


20 


1897 


.70 


2 


. 295e-06 


5 


,639e- 


•14 


1 


,305e-05 


1. 


,461e-05 





.02 





.02 


21 


1892 


.68 


6 


.260e-07 


1 


. 550e- 


•14 


4 


,812e-06 


5 


,369e-06 





.02 





.00 


22 


1892 


.61 


7 


,415e-08 


1. 


. 837e- 


•15 


8 


. 550e-07 


9 


,553e-07 





.02 





.00 


23 


1783 


.86 


9 


.799e-09 


2 


,898e- 


•16 


6 


,076e-08 


7 


,040e-08 





.03 





.11 


25 


1741 


.92 


6 


.819e-10 


2 


. 166e- 


•17 


5 


. 953e-09 


6 


,962e-09 





.03 





.30 


26 


1732 


.47 


3 


, 157e-08 


1. 


,019e- 


•15 


2 


. 265e-07 


2. 


,638e-07 





.03 





.14 


27 


1635 


.15 


2 


.997e-10 


1 


. 151e- 


•17 


4 


,786e-09 


5 


,508e-09 





.03 





.13 


28 


1632 


.54 


6 


,856e-09 


2. 


,646e- 


-16 


8 


.277e-08 


9 


,525e-08 





.03 





.28 


29 


1498 


.80 


2 


. 266e-09 


1 


. 130e- 


-16 


1 


,678e-07 


1 


,890e-07 





.02 





.48 


30 


1349 


.59 


1 


. 282e-08 


8 


. 756e- 


-16 


8 


.017e-07 


8 


,892e-07 





.02 





.38 


31 


1349 


.29 


4 


. 692e-08 


3 


. 207e- 


•15 


1 


. 958e-06 


2. 


. 175e-06 





.02 





.38 


32 


1206 


.35 


2 


. 668e-07 


2 


. 552e- 


•14 


1 


. 170e-05 


1 


,330e-05 





.03 





.11 


33 


1206 


.31 


2 


. 147e-08 


2 


. 054e- 


•15 


1 


. 177e-06 


1. 


,338e-06 





.03 





.11 


34 


998 


.82 


3 


. 434e-07 


6 


,786e- 


•14 


9 


,672e-05 


1 


,085e-04 





.02 


0. 


15 


36 


998 


.74 


9 


,826e-08 


1 


,656e- 


•14 


5 


.537e-05 


6 


,209e-05 





.02 


0. 


15 


36 


923 


.77 


7 


,402e-10 


1. 


. 577e- 


-16 


2 


,054e-07 
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APPENDIX B: Ml TRANSITION DATA AND 
ACCURACY 



Position: 






1 - 


3 


Lower Level (index from Table 


1.) 


4 - 


6 


Upper Level (index from Table 


1.) 


7 - 


16 


Wavelength (Angs) 




17 - 


27 


Line strength S 




28 - 


38 


Weighted oscillator strength, 


gi 


39 - 


49 


A_ki( Normalized), A_ki(N) in 


1/s 


50 - 


60 


A_ki( Calculated), A_ki(U) in 


Us 


61 - 


66 


[DeltaE(calc)/DeltaE(obs)] - 


1, dE 



L 


u 


L(vac) 




S 






gf 






Aki(N) 




Aki(U) 




dE 


1 


4 


3095 


.86 


1 


.400E- 


■07 


1 


. 828E- 


•13 


2 


.121E- 


■05 


2 


.375E- 


■05 





.04 


1 


5 


3095 


.43 


1 


.883E- 


■10 


2 


460E- 


■16 


2 


■141E- 


■08 


2 


398E- 


-08 





.04 


1 


6 


2836 


.57 


6 


.642E- 


■03 


9 


. 468E- 


■09 


1 


. 308E+00 


1 


.361E+00 





.01 


1 


7 


2830 


.19 


2 


.855E- 


■03 


4. 


. 080E- 


09 


8 


■494E- 


■01 


8 


■829E- 


-01 





.01 


1 


9 


2578 


.69 


1 


.565E- 


■06 


2 


. 455E- 


•12 


3 


.078E- 


■04 


3 


.337E- 


■04 





.03 


1 


11 


2568 


.38 


1 


. 240E- 


■04 


1 


. 953E- 


•10 


3 


.291E- 


■02 


3 


. 559E- 


■02 





.03 


1 


12 


2568 


.17 


3 


969E- 


■05 


6. 


. 250E- 


•11 


1 


. 580E- 


■02 


1 


.710E- 


•02 





.03 


1 


15 


2018 


.51 


1 


.699E- 


■06 


3 


■404E- 


•12 


9 


.287E- 


■04 


9 


.871E- 


•04 





.02 


1 


16 


1997 


.95 


1 


.278E- 


■07 


2. 


.587E- 


•13 


1 


.081E- 


■04 


1 


. 146E- 


•04 





.02 


1 


17 


1945 


.74 


5 


.087E- 


■11 


1 


.057E- 


•16 


2 


.328E- 


■08 


2 


.474E- 


•08 





.02 


1 


18 


1916 


.93 


1 


.614E- 


■07 


3 


.406E- 


•13 


1 


.030E- 


■04 


1 


.092E- 


•04 





.02 


1 


20 


1897 


.70 


7 


.864E- 


■11 


1. 


676E- 


•16 


3 


. 880E- 


■08 


4 


. 151E- 


-08 





.02 


1 


21 


1892 


.58 


4 


.785E- 


-08 


1 


. 022E- 


•13 


3 


. 173E- 


■05 


3 


.388E- 


■05 





.02 


1 


22 


1892 


.61 


3 


, 149E- 


■09 


6 


. 728E- 


•15 


3 


. 132E- 


■06 


3 


348E- 


-06 





02 


1 


25 


1741 


.92 


1 


■319E- 


■14 


3. 


. 062E- 


•20 


8 


.413E- 


■12 


9 


. 242E- 


-12 





.03 


1 


27 


1635 


.15 


1 


.421E- 


■12 


3 


. 514E- 


•18 


1 


.461E- 


■09 


1 


. 590E- 


■09 





.03 


1 


28 


1632 


.54 


5 


.094E- 


■12 


1 


. 262E- 


•17 


3 


.947E- 


■09 


4 


. 294E- 


■09 





.03 


1 


30 


1349 


.59 


4 


.080E- 


■12 


1 


. 222E- 


•17 


1 


.119E- 


■08 


1 


. 191E- 


•08 





.02 


1 


31 


1349 


29 


7 


, 206E- 


■11 


2. 


160E- 


•16 


1 


.319E- 


■07 


1 


.405E- 


•07 





.02 


1 


33 


1206 


.31 


9 


.927E- 


■16 


3 


. 328E- 


•21 


1 


.907E- 


■12 


2 


.059E- 


-12 





.03 


1 


34 


998 


.82 


1 


.911E- 


■10 


7 


. 738E- 


•16 


1 


■293E- 


■06 


1 


. 386E- 


-06 





.02 


1 


36 


923 


.77 


1 


.655E- 


-08 


7 


. 243E- 


•14 


9 


.436E- 


■05 


1 


.000E- 


■04 





.02 


1 


37 


923 


.72 


1 


. 137E- 


■09 


4 


.979E- 


•15 


9 


.731E- 


■06 


1 


.032E- 


•05 





.02 


2 


13 


6736 


.27 


7 


.257E- 


■04 


4. 


356E- 


•10 


5 


.337E- 


■03 


6 


.311E- 


•03 





.05 


2 


14 


6736 


.27 


2 


.613E- 


■05 


1 


.568E- 


•11 


1 


.647E- 


■04 


1 


.952E- 


•04 





.06 


2 


19 


4907 


.93 


5 


.968E- 


■03 


4. 


918E- 


•09 


1 


.362E- 


■01 


1 


.355E- 


-01 


-0 


.00 


2 


23 


4199 


.42 


3 


.010E- 


■04 


2 


.898E- 


•10 


1 


.096E- 


■02 


1 


. 157E- 


■02 





.02 


2 


24 


4145 


.37 


1 


.449E- 


-02 


1 


■413E- 


•08 


4 


.571E- 


■01 


4 


.798E- 


-01 





.02 


2 


26 


3925 


.31 


1 


.029E- 


■07 


1. 


060E- 


•13 


4 


■590E- 


■06 


4 


. 886E- 


-06 





02 


2 


32 


1974 


.36 


3 


.760E- 


■04 


7 


. 701E- 


•10 


1 


.318E- 


■01 


1 


.390E- 


-01 





.02 


3 


9 


15416 


.40 


9 


.453E- 


■04 


2. 


. 480E- 


•10 


8 


. 699E- 


■04 


7 


. 966E- 


-04 


-0 


.03 


3 


13 


6757 


.81 


2 


.316E- 


■04 


1. 


386E- 


•10 


1 


.687E- 


■03 


1 


. 996E- 


•03 





06 


3 


17 


5235 


.22 


2 


. 126E- 


■02 


1 


. 642E- 


•08 


4 


.997E- 


■01 


4 


.844E- 


-01 


-0 


.01 


3 


19 


4919 


.35 


2 


.825E- 


■03 


2 


322E- 


09 


6 


.401E- 


■02 


6 


.370E- 


•02 


-0 


.00 


3 


20 


4901 


.34 


1 


.311E- 


■03 


1 


.081E- 


•09 


3 


.753E- 


■02 


3 


.729E- 


•02 


-0 


.00 


3 


23 


4207 


.78 


4 


.653E- 


■03 


4. 


471E- 


•09 


1 


.685E- 


■01 


1 


.778E- 


-01 





.02 


3 


24 


4153 


.51 


5 


.982E- 


■03 


5 


. 824E- 


•09 


1 


■877E- 


■01 


1 


.970E- 


-01 





.02 


3 


25 


3981 


.65 


1 


.437E- 


■06 


1 


. 459E- 


•12 


7 


. 674E- 


■05 


8 


.219E- 


•05 





.02 


3 


26 


3932 


.61 


3 


. 101E- 


■04 


3 


188E- 


-10 


1 


■375E- 


■02 


1 


.464E- 


-02 





.02 


3 


28 


3452 


.85 


5 


.929E- 


-05 


6 


. 944E- 


•11 


4 


.856E- 


■03 


5 


. 112E- 


■03 





.02 


3 


32 


1976 


.20 


2 


.793E- 


■05 


5 


. 716E- 


•11 


9 


.762E- 


■03 


1 


.030E- 


-02 





.02 


3 


33 


1976 


.11 


7 


.253E- 


■05 


1. 


. 484E- 


•10 


3 


. 169E- 


■02 


3 


.343E- 


•02 





.02 


4 


6 


33868 


.45 


1 


.249E- 


■03 


1 


.491E- 


•10 


1 


.445E- 


■04 


5 


.768E- 


■05 


-0 


.36 


4 


7 


32980 


44 


9 


.245E- 


■05 


1. 


. 134E- 


•li 


1 


.738E- 


■05 


7 


.046E- 


•06 


-0 


.35 


4 


9 


15436 


.39 


1 


.065E- 


■04 


2 


. 791E- 


•li 


9 


.766E- 


■05 


8 


.938E- 


•05 


-0 


.03 


4 


11 


15074 


.09 


6 


, 507E- 


■04 


1. 


746E- 


•10 


8 


. 540E- 


■04 


7 


.728E- 


-04 


-0 


,03 


4 


12 


15067 


.05 


1 


.855E- 


■04 


4. 


. 979E- 


•11 


3 


.657E- 


■04 


3 


.319E- 


-04 


-0 


.03 


4 


15 


5800 


.36 


5 


. 904E- 


■03 


4 


. 116E- 


•09 


1 


.360E- 


■01 


1 


.307E- 


-01 


-0 


.01 


4 


16 


5633 


.74 


2 


.730E- 


■04 


1. 


. 960E- 


•10 


1 


.030E- 


■02 


9 


. 862E- 


-03 


-0 


.01 


4 


17 


5237 


.52 


5 


.864E- 


■04 


4 


. 527E- 


•10 


1 


.376E- 


■02 


1 


.334E- 


■02 


-0 


.01 


4 


18 


5033 


.85 


5 


.289E- 


■03 


4 


. 249E- 


•09 


1 


.864E- 


■01 


1 


.803E- 


-01 


-0 


.01 


4 


20 


4903 


.35 


4 


.438E- 


■04 


3 


.660E- 


•10 


1 


.269E- 


■02 


1 


.261E- 


•02 


-0 


.00 


4 


21 


4869 


.31 


5 


.263E- 


■03 


4 


.371E- 


•09 


2 


.049E- 


■01 


2 


.026E- 


■01 


-0 


.00 


4 


22 


4869 


.52 


2 


.364E- 


■03 


1. 


.964E- 


•09 


1 


.381E- 


■01 


1 


.369E- 


-01 


-0 


.00 


4 


25 


3982 


.98 


9 


.461E- 


■06 


9 


. 606E- 


•12 


5 


.049E- 


■04 


5 


.407E- 


■04 





.02 


4 


27 


3465 


.57 


1 


. 134E- 


-09 


1 


. 324E- 


•15 


1 


.225E- 


■07 


1 


. 290E- 


■07 





.02 


4 


28 


3453 


.85 


3 


. 544E- 


■06 


4. 


. 150E- 


•12 


2 


900E- 


■04 


3 


.053E- 


-04 





.02 


4 


30 


2392 


.61 


2 


.419E- 


■08 


4 


. 088E- 


•14 


1 


.191E- 


■05 


1 


.217E- 


•05 





.01 


4 


31 


2391 


.66 


4 


.852E- 


■08 


8 


. 204E- 


•14 


1 


. 594E- 


■05 


1 


632E- 


-05 





.01 


4 


33 


1976 


.44 


2 


.945E- 


■04 


6 


.025E- 


•10 


1 


.286E- 


■01 


1 


.356E- 


■01 





.02 


4 


34 


1474 


.56 


4 


.830E- 


■10 


1 


. 324E- 


•15 


1 


.016E- 


■06 


1 


.065E- 


•06 





.02 


4 


36 


1316 


.64 


1 


.026E- 


■09 


3. 


. 152E- 


•15 


2 


.021E- 


■06 


2 


.092E- 


-06 





.01 


4 


37 


1316 


.53 


5 


.360E- 


■09 


1 


.646E- 


•14 


1 


.584E- 


■05 


1 


.640E- 


■05 





.01 


5 


6 


33920 


.15 


2 


. 500E- 


■04 


2. 


980E- 


•11 


2 


880E- 


■05 


1 


. 148E- 


•05 


-0 


.36 


5 


9 


15447 


.12 


1 


. 147E- 


■03 


3 


. 002E- 


•10 


1 


.049E- 


■03 


9 


.601E- 


•04 


-0 


.03 


5 


11 


15084 


.32 


2 


.438E- 


■07 


6 


. 535E- 


•14 


3 


. 193E- 


■07 


2 


.890E- 


-07 


-0 


.03 


5 


15 


5801 


.88 


5 


.814E- 


■03 


4 


. 052E- 


•09 


1 


.338E- 


■01 


1 


. 286E- 


-01 


-0 


.01 


5 


17 


5238 


.76 


3 


.235E- 


■03 


2 


■497E- 


•09 


7 


. 587E- 


■02 


7 


.354E- 


•02 


-0 


.01 


5 


18 


5034 


.99 


1 


.251E- 


■02 


1. 


004E- 


•08 


4 


.405E- 


■01 


4 


. 260E- 


-01 


-0 


.01 


5 


19 


4922 


.47 


4 


.356E- 


■04 


3 


.579E- 


•10 


9 


.852E- 


■03 


9 


.803E- 


■03 


-0 


.00 


5 


20 


4904 


.44 


4 


.513E- 


-03 


3 


. 721E- 


•09 


1 


.290E- 


■01 


1 


.281E- 


-01 


-0 


.00 



5 


21 


4870 


.37 


6 


.860E- 


■05 


5 


. 696E- 


•11 


2 


.669E- 


-03 


2 


640E-03 


-0 


.00 


5 


23 


4210 


.07 


4 


.331E- 


■03 


4. 


. 160E- 


•09 


1 


.565E- 


■01 


1 


.652E-01 





.02 


5 


25 


3983 


.70 


9 


.733E- 


■07 


9 


.880E- 


•13 


5 


.191E- 


■05 


5 


.560E-05 





.02 


5 


26 


3934 


.61 


4 


.458E- 


■04 


4 


.582E- 


•10 


1 


.974E- 


■02 


2 


. 102E-02 





.02 


5 


27 


3466 


.11 


3 


.281E- 


■05 


3 


. 827E- 


•11 


3 


.542E- 


■03 


3 


729E-03 





.02 


5 


28 


3454 


.39 


1 


. 149E- 


■07 


1 


. 345E- 


•13 


9 


.396E- 


■06 


9 


890E-06 





.02 


5 


31 


2391 


.92 


3 


. 156E- 


■08 


5 


. 336E- 


•14 


1 


.037E- 


■05 


1 


.061E-05 





.01 


5 


32 


1976 


.71 


1 


.465E- 


■04 


2 


. 996E- 


•10 


5 


.115E- 


-02 


5 


395E-02 





.02 


5 


33 


1976 


.61 


2 


.735E- 


■05 


5 


. 595E- 


•11 


1 


. 194E- 


-02 


1 


.259E-02 





.02 


5 


36 


1316 


.72 


3 


■679E- 


■08 


1. 


130E- 


•13 


7 


.245E- 


■05 


7 


498E-05 





.01 


6 


9 


28363 


.97 


2 


.009E- 


■01 


2 


.864E- 


•08 


2 


.968E- 


■02 


4 


.722E-02 





.14 


6 


11 


27164 


.32 


7 


.755E- 


■02 


1 


. 155E- 


•08 


1 


.739E- 


■02 


2 


.662E-02 





.13 


6 


12 


27141 


.46 


4 


.329E- 


■02 


6 


.450E- 


•09 


1 


.460E- 


■02 


2 


. 244E-02 





.13 


6 


15 


6999 


.03 


3 


.755E- 


■02 


2 


. 169E- 


•08 


4 


.923E- 


■01 


5 


514E-01 





.04 


6 


16 


6757 


.85 


2 


.887E- 


■03 


1 


. 727E- 


•09 


6 


■307E- 


■02 


7 


002E-02 





.03 


6 


17 


6195 


.63 


1 


.469E- 


-05 


9 


. 590E- 


•12 


2 


.083E- 


■04 


2 


.316E-04 





.04 


6 


18 


5912 


.65 


3 


.776E- 


■03 


2 


583E- 


-09 


8 


.213E- 


-02 


9 


. 053E-02 





.03 


6 


20 


5733 


.42 


4 


.021E- 


■05 


2. 


. 836E- 


•11 


7 


. 194E- 


■04 


8 


. 140E-04 





.04 


6 


21 


5686 


.92 


3 


.353E- 


■04 


2 


. 384E- 


•10 


8 


. 195E- 


■03 


9 


216E-03 





.04 


6 


22 


5687 


.21 


7 


.878E- 


■06 


5 


. 602E- 


•12 


2 


.888E- 


■04 


3 


. 256E-04 





.04 


6 


25 


4513 


.82 


3 


.334E- 


■07 


2 


.986E- 


•13 


1 


.222E- 


■05 


1. 


■ 461E-05 





.06 


6 


27 


3860 


.60 


7 


.068E- 


■09 


7. 


.403E- 


•15 


5 


.522E- 


■07 


6 


.380E-07 





.05 


6 


28 


3846 


.07 


2 


. 548E- 


■08 


2. 


679E- 


•14 


1 


.510E- 


■06 


1 


. 743E-06 





.05 


6 


30 


2574 


.48 


1 


.114E- 


■05 


1 


. 749E- 


•11 


4 


.401E- 


■03 


4 


. 780E-03 





.03 


6 


31 


2573 


.39 


1 


.382E- 


■06 


2 


. 171E- 


•12 


3 


. 645E- 


■04 


3 


965E-04 





.03 


6 


33 


2098 


.92 


6 


.993E- 


-09 


1 


. 347E- 


•14 


2 


.550E- 


■06 


2 


830E-06 





.03 


6 


34 


1641 


.68 


2 


, 143E- 


■06 


5 


. 622E- 


•12 


3 


. 944E- 


■03 


4 


.293E-03 





.03 


6 


36 


1369 


.89 


1 


.617E- 


■04 


4. 


. 773E- 


•10 


2 


■827E- 


■01 


3 


. 024E-01 





.02 


6 


37 


1369 


.78 


1 


.061E- 


■05 


3 


. 134E- 


•11 


2 


.785E- 


■02 


2 


.980E-02 





.02 


7 


10 


28063 


.09 


4 


.569E- 


■02 


6 


585E- 


•09 


2 


.789E- 


■02 


4 


.418E-02 





.14 


7 


11 


27763 


.90 


1 


.220E- 


■02 


1 


.777E- 


•09 


2 


.563E- 


■03 


3 


.984E-03 





.14 


7 


12 


27740 


.02 


9 


.496E- 


■02 


1. 


.384E- 


•08 


3 


.000E- 


■02 


4 


.683E-02 





.14 


7 


15 


7038 


.19 


7 


, 206E- 


■03 


4. 


. 140E- 


•09 


9 


.292E- 


■02 


1 


. 043E-01 





.04 


7 


16 


6794 


.36 


1 


.064E- 


■02 


6 


. 333E- 


•09 


2 


. 288E- 


■01 


2 


.546E-01 





.04 


7 


18 


5940 


.57 


6 


.541E- 


■04 


4. 


. 453E- 


•10 


1 


. 403E- 


-02 


1 


.550E-02 





.03 


7 


21 


5712 


.75 


1 


. 247E- 


■04 


8 


. 829E- 


•11 


3 


.008E- 


■03 


3 


.389E-03 





.04 


7 


22 


5713 


.05 


3 


. 208E- 


■05 


2 


. 271E- 


•11 


1 


. 160E- 


■03 


1 


.311E-03 





.04 


7 


27 


3872 


.49 


4 


.861E- 


■07 


5 


.076E- 


•13 


3 


.763E- 


■05 


4 


.354E-05 





.05 


7 


29 


3186 


.05 


1 


.524E- 


■03 


1 


.934E- 


•09 


6 


.354E- 


■01 


7 


081E-01 





.04 


7 


30 


2579 


.76 


8 


.902E- 


■07 


1. 


395E- 


•12 


3 


.496E- 


■04 


3 


.801E-04 





.03 


7 


31 


2578 


.66 


1 


.833E- 


■05 


2 


.875E- 


•11 


4 


.806E- 


■03 


5 


233E-03 





.03 


7 


34 


1543 


.57 


1 


■237E- 


■06 


3 


. 240E- 


•12 


2 


. 267E- 


■03 


2 


469E-03 





.03 


7 


35 


1543 


.38 


1 


.258E- 


■06 


3 


. 295E- 


•12 


4 


.613E- 


■03 


5 


. 023E-03 





.03 


7 


36 


1371 


.39 


3 


■325E- 


■05 


9 


. 804E- 


•11 


5 


.795E- 


■02 


6 


.201E-02 





.02 


7 


37 


1371 


.27 


4 


. 276E- 


■05 


1 


.261E- 


•10 


1 


.118E- 


■01 


1 


. 197E-01 





.02 


8 


10 


28652 


47 


7 


.743E- 


-02 


1 


. 093E- 


•08 


4 


.440E- 


■02 


7 


. 173E-02 





. 15 


8 


12 


28315 


78 


4 


.536E- 


■03 


6 


.478E- 


•10 


1 


.347E- 


■03 


2 


. 144E-03 





.14 


8 


16 


6828 


.36 


2 


.750E- 


■03 


1. 


.629E- 


•09 


5 


.826E- 


■02 


6 


.505E-02 





.04 


8 


22 


5737 


.07 


1 


.397E- 


■05 


9 


.850E- 


•12 


4 


.990E- 


■04 


5 


.655E-04 





.04 


8 


29 


3193 


.51 


3 


.060E- 


■04 


3 


.875E- 


•10 


1 


.267E- 


■01 


1 


415E-01 





.04 


8 


30 


2584 


.65 


4 


. 108E- 


■06 


6 


.427E- 


•12 


1 


. 604E- 


-03 


1 


. 746E-03 





.03 


8 


34 


1545 


.32 


1 


.886E- 


■07 


4 


. 934E- 


•13 


3 


.446E- 


■04 


3 


755E-04 





.03 


8 


35 


1545 


.13 


5 


, 145E- 


■07 


1. 


346E- 


•12 


1 


■881E- 


■03 


2 


.050E-03 





.03 


8 


37 


1372 


.65 


1 


. 168E- 


■05 


3 


■441E- 


•11 


3 


.045E- 


■02 


3 


.262E-02 





.02 


9 


15 


9291 


.87 


2 


.496E- 


■04 


1. 


. 086E- 


•10 


1 


■399E- 


■03 


1 


. 383E-03 


-0 


.00 


9 


17 


7927 


.20 


1 


■296E- 


-02 


6 


.610E- 


•09 


8 


.771E- 


■02 


8 


.752E-02 


-0 


.00 


9 


18 


7469 


.77 


1 


.051E- 


■04 


5 


. 692E- 


•11 


1 


. 134E- 


■03 


1 


. 126E-03 


-0 


.00 


9 


19 


7224 


.75 


1 


.768E- 


■02 


9 


898E- 


09 


1 


.265E- 


■01 


1 


.308E-01 





.01 


9 


20 


7185 


.97 


1 


.047E- 


■02 


5 


891E- 


•09 


9 


.513E- 


-02 


9 


.810E-02 





.01 


9 


21 


7113 


.08 


2 


, 189E- 


■03 


1. 


. 244E- 


•09 


2 


.734E- 


■02 


2 


. 800E-02 





.01 


9 


23 


5787 


.41 


4 


. 169E- 


■05 


2 


913E- 


•11 


5 


.801E- 


-04 


6 


. 446E-04 





.04 


9 


25 


5368 


.09 


3 


.408E- 


■06 


2 


. 568E- 


•12 


7 


.429E- 


■05 


8 


.387E-05 





.04 


9 


26 


5279 


.33 


1 


.836E- 


■04 


1. 


.407E- 


•10 


3 


.366E- 


■03 


3 


.769E-03 





.04 


9 


27 


4468 


.85 


1 


. 120E- 


■04 


1 


.013E- 


•10 


5 


.641E- 


■03 


6 


. 177E-03 





.03 


9 


28 


4449 


.39 


5 


.401E- 


■06 


4. 


.909E- 


•12 


2 


.068E- 


■04 


2 


. 263E-04 





.03 


9 


31 


2830 


.16 


3 


.423E- 


■03 


4. 


■891E- 


•09 


6 


.788E- 


■01 


7 


.089E-01 





.01 


9 


32 


2266 


.78 


1 


.757E- 


■09 


3 


. 135E- 


•15 


4 


.069E- 


■07 


4 


.380E-07 





.02 


9 


33 


2266 


.65 


1 


, 634E- 


■08 


2. 


. 916E- 


•14 


4 


.732E- 


■06 


5 


. 093E-06 





.02 


9 


36 


1439 


.41 


5 


.337E- 


■06 


1 


. 499E- 


•11 


8 


.045E- 


■03 


8 


. 420E-03 





.01 


10 


16 


8964 


.83 


1 


, 276E- 


■04 


5 


. 754E- 


•11 


1 


. 194E- 


■03 


1 


176E-03 


-0 


.01 


10 


22 


7173 


.40 


4 


■ 893E- 


■03 


2. 


. 758E- 


•09 


8 


938E- 


■02 


9 


203E-02 





.01 


10 


29 


3594 


.10 


5 


.074E- 


■06 


5 


.709E- 


•12 


1 


.474E- 


■03 


1 


.565E-03 





.02 


10 


30 


2840 


.92 


1 


.974E- 


■03 


2 


■ 810E- 


•09 


5 


.806E- 


■01 


6 


.059E-01 





.01 


10 


34 


1633 


.42 


1 


. 139E- 


■05 


2 


. 820E- 


•11 


1 


.762E- 


■02 


1. 


.875E-02 





.02 


10 


35 


1633 


.21 


2 


.369E- 


■05 


5 


. 865E- 


•11 


7 


.333E- 


■02 


7 


800E-02 





.02 


10 


37 


1441 


.72 


1 


.726E- 


■06 


4. 


. 843E- 


•12 


3 


■885E- 


■03 


4 


. 070E-03 





.01 


11 


15 


9428 


.27 


6 


.076E- 


■05 


2 


. 606E- 


•11 


3 


.259E- 


■04 


3 


. 249E-04 


-0 


.00 


11 


16 


8995 


.80 


8 


.434E- 


■06 


3 


. 791E- 


•12 


7 


.812E- 


■05 


7 


736E-05 


-0 


.00 


11 


17 


8026 


.26 


5 


. 145E- 


■03 


2 


. 592E- 


•09 


3 


.355E- 


-02 


3 


.371E-02 





.00 


11 


18 


7557 


.66 


1 


. 224E- 


■03 


6 


548E- 


•10 


1 


.274E- 


■02 


1 


. 274E-02 





.00 


11 


20 


7267 


28 


9 


.084E- 


■04 


5 


.055E- 


•10 


7 


.980E- 


■03 


8 


.283E-03 





.01 


11 


21 


7192 


.74 


1 


.377E- 


-02 


7 


. 744E- 


•09 


1 


.664E- 


■01 


1 


■715E-01 





.01 


11 


22 


7193 


.21 


1 


.955E- 


■03 


1. 


099E- 


•09 


3 


.542E- 


■02 


3 


.662E-02 





.01 


11 


25 


5413 


.34 


3 


.287E- 


■05 


2 


.455E- 


•11 


6 


.986E- 


■04 


7 


.931E-04 





.04 


11 


27 


4500 


.17 


1 


.441E- 


■05 


1 


.295E- 


•11 


7 


.110E- 


■04 


7 


.820E-04 





.03 



12 C. Froese Fischer, R. H. Rubin, and M. Rodriguez 



11 


28 


4480 


.43 


1 


.373E-05 


1 


.239E-11 


5 


. 148E-04 


5 


.660E-04 





.03 


20 


23 


29736 


24 


1 


.698E-02 


2 


308E-09 


1 


■741E-03 


2. 


588E-03 





.12 


11 


30 


2844 


.02 


2 


.895E-04 


4 


.117E-10 


8 


.487E-02 


8 


.872E-02 


0. 


01 


20 


25 


21219 


.71 


4 


.073E-02 


7 


.761E-09 


1 


.437E-02 


2. 


089E-02 





.12 


11 


31 


2842 


.69 


7 


.986E-04 


1. 


136E-09 


1 


.563E-01 


1 


.637E-01 


0. 


01 


20 


26 


19897 


33 


5 


■158E-02 


1. 


048E-08 


1 


.766E-02 


2 


455E-02 





.10 


11 


33 


2274 


.68 


1 


.266E-11 


2 


■251E-17 


3 


.627E-09 


3 


.912E-09 





.03 


20 


27 


11818 


.79 


9 


.323E-03 


3 


. 190E-09 


2 


.539E-02 


3. 


060E-02 





.06 


11 


34 


1634 


44 


1 


.479E-04 


3 


.659E-10 


2 


■284E-01 


2 


.432E-01 


0. 


02 


20 


28 


11683 


61 


5 


.723E-03 


1 


.981E-09 


1 


.210E-02 


1. 


455E-02 





.06 


11 


36 


1442 


.65 


4 


.939E-06 


1. 


■384E-11 


7 


.395E-03 


7 


.750E-03 


0. 


.02 


20 


31 


4669 


.04 


3 


.718E-05 


3 


.220E-11 


1 


.642E-03 


1 


.729E-03 





.02 


11 


37 


1442 


.52 


4 


.438E-06 


1 


.244E-11 


9 


.971E-03 


1 


.046E-02 





.02 


20 


32 


3311 


.31 


4 


.711E-05 


5 


.753E-11 


3 


. 500E-03 


3 


. 842E-03 





.03 


12 


15 


9431 


.03 


1 


.976E-04 


8 


.474E-11 


1 


.059E-03 


1 


. 054E-03 


-0. 


00 


20 


33 


3311 


.05 


1 


■612E-06 


1 


969E-12 


1 


.497E-04 


1 


. 643E-04 





.03 


12 


16 


8998 


.31 


8 


.007E-06 


3 


■598E-12 


7 


.411E-05 


7 


.326E-05 


-0. 


00 


20 


36 


1799 


.96 


6 


. 155E-04 


1 


. 383E-09 


4 


.745E-01 


4 


985E-01 





.02 


12 


18 


7559 


44 


1 


.432E-03 


7. 


658E-10 


1 


■490E-02 


1 


487E-02 


-0. 


00 


21 


25 


21881 


.84 


2 


.757E-02 


5 


. 095E-09 


8 


.872E-03 


1 


328E-02 





.13 


12 


21 


7194 


.35 


1 


.755E-03 


9. 


.867E-10 


2 


.119E-02 


2 


. 181E-02 


0. 


01 


21 


27 


12021 


.40 


4 


.385E-03 


1 


.475E-09 


1 


.135E-02 


1. 


387E-02 





.07 


12 


22 


7194 


.81 


8 


.098E-03 


4. 


.551E-09 


1 


.466E-01 


1 


.514E-01 


0. 


01 


21 


28 


11881 


.56 


1 


. 189E-02 


4 


.047E-09 


2 


.390E-02 


2 


915E-02 





.06 


12 


27 


4500 


.79 


4 


.509E-05 


4 


■051E-11 


2 


.223E-03 


2 


.443E-03 


0. 


.03 


21 


30 


4703 


.98 


4 


.817E-05 


4. 


.141E-11 


3 


.121E-03 


3 


292E-03 





.02 


12 


29 


3599 


.47 


2 


.903E-05 


3 


.262E-11 


8 


■396E-03 


8 


.930E-03 





.02 


21 


31 


4700 


.33 


1 


.123E-05 


9 


. 662E-12 


4 


.862E-04 


5 


144E-04 





.02 


12 


30 


2844 


.27 


8 


.047E-04 


1 


. 144E-09 


2 


358E-01 


2 


.464E-01 


0. 


01 


21 


33 


3326 


.76 


3 


.971E-06 


4. 


. 827E-12 


3 


.637E-04 


4 


006E-04 





.03 


12 


31 


2842 


94 


1 


.375E-03 


1 


. 956E-09 


2 


.691E-01 


2 


.816E-01 


0. 


.01 


21 


34 


2115 


.06 


2 


■854E-06 


5 


.457E-12 


2 


. 034E-03 


2 


. 187E-03 





.02 


12 


34 


1634 


.53 


4 


.436E-06 


1 


.097E-11 


6 


.850E-03 


7 


.293E-03 





.02 


21 


36 


1804 


.59 


1 


. 104E-04 


2 


.474E-10 


8 


.446E-02 


8 


889E-02 





.02 


12 


35 


1634 


.31 


9 


. 556E-05 


2. 


365E-10 


2 


953E-01 


3 


. 143E-01 


0. 


02 


21 


37 


1804 


39 


3 


.297E-04 


7. 


.390E-10 


3 


■785E-01 


3 


986E-01 





.02 


12 


36 


1442 


.71 


4 


.474E-08 


1 


■254E-13 


6 


.698E-05 


7 


.018E-05 


0. 


.01 


22 


27 


12020 


.10 


3 


.203E-02 


1 


. 078E-08 


8 


.292E-02 


1. 


008E-01 





.06 


12 


37 


1442 


.58 


3 


.878E-07 


1. 


087E-12 


8 


.712E-04 


9 


. 132E-04 


0. 


.02 


22 


29 


7203 


.05 


4 


.690E-08 


2. 


633E-14 


1 


.692E-06 


1 


.853E-06 





.03 


13 


14 


+Inf 


6 


.402E+00 


0. 


000E+00 





.000E+00 


2 


■614E-08 


1. 


00 


22 


30 


4703 


.78 


9 


.015E-06 


7. 


.750E-12 


5 


.841E-04 


6 


. 149E-04 





.02 


13 


19 


18082 


.53 


1 


.269E-05 


2 


. 837E-12 


5 


.788E-06 


3 


. 425E-06 


-0. 


19 


22 


31 


4700 


.13 


2 


.881E-05 


2 


.479E-11 


1 


. 247E-03 


1 


.317E-03 





.02 


13 


23 


11151 


.01 


4 


■260E-02 


1 


545E-08 


8 


. 288E-02 


7 


. 167E-02 


-0. 


05 


22 


34 


2115 


.02 


6 


■856E-07 


1. 


.311E-12 


4 


.887E-04 


5 


. 249E-04 





.02 


13 


24 


10777 


.84 


1 


.067E-01 


4 


. 002E-08 


1 


.915E-01 


1 


■644E-01 


-0. 


05 


22 


35 


2114 


.66 


5 


.526E-07 


1 


. 057E-12 


7 


.881E-04 


8 


.463E-04 





.02 


13 


26 


9406 


.72 


5 


.815E-03 


2 


. 500E-09 


1 


.885E-02 


1 


.722E-02 


-0. 


03 


22 


36 


1804 


.57 


2 


.286E-05 


5 


. 122E-11 


1 


.749E-02 


1 


.839E-02 





.02 


13 


32 


2792 


.95 


1 


.844E-07 


2 


. 670E-13 


2 


.283E-05 


2 


.294E-05 


0. 


.00 


22 


37 


1804 


.36 


2 


. 343E-04 


5 


.252E-10 


2 


.690E-01 


2 


.831E-01 





.02 


14 


24 


10777 


.84 


5 


■731E-02 


2. 


150E-08 


1 


.029E-01 


8 


. 794E-02 


-0. 


05 


23 


24 


322061 


.19 


4 


. 749E+00 


5 


. 963E-08 


3 


. 196E-04 


2. 


. 185E-04 


-0 


.14 


15 


16 


196116 


89 


1 


. 903E+00 


3. 


. 924E-08 


1 


.701E-03 


1 


.463E-03 


-0. 


.05 


23 


25 


74090 


54 


5 


.365E-01 


2. 


. 928E-08 


4 


.447E-03 


6 


111E-03 





.10 


15 


17 


53975 


.28 


7 


.224E-01 


5 


■412E-08 


1 


.549E-02 


1 


. 629E-02 


0. 


.02 


23 


26 


60135 


.91 


1 


.116E+00 


7. 


.503E-08 


1 


.384E-02 


1. 


671E-02 





.06 


15 


18 


38092 


.34 


9 


.649E-01 


1. 


024E-07 


7 


■848E-02 


7 


. 928E-02 


0. 


00 


23 


23 


19245 


.20 


6 


.054E-04 


1 


. 272E-10 


2 


.863E-04 


2. 


979E-04 





.01 


15 


20 


31706 


.78 


1 


.648E-01 


2 


. 101E-08 


1 


.743E-02 


2 


.066E-02 


0. 


06 


23 


32 


3726 


.25 


1 


.396E-05 


1. 


.515E-11 


7 


.277E-04 


7 


673E-04 





.02 


15 


21 


30335 


.20 


1 


.424E-01 


1 


.898E-08 


2 


.293E-02 


2 


. 624E-02 


0. 


.04 


23 


33 


3725 


.92 


4 


.883E-04 


5 


■299E-10 


3 


. 183E-02 


3 


.356E-02 





.02 


15 


22 


30343 


.49 


1 


.320E-04 


1. 


759E-11 


3 


. 187E-05 


3 


. 699E-05 


0. 


.05 


24 


26 


73942 


.62 


6 


. 558E-01 


3. 


. 586E-08 


4 


■375E-03 


5. 


. 937E-03 





.10 


15 


25 


12712 


.13 


8 


.432E-04 


2 


.682E-10 


1 


.384E-03 


1 


. 857E-03 





.09 


24 


32 


3769 


.87 


1 


.697E-05 


1 


■821E-11 


8 


.546E-04 


9 


054E-04 





.02 


15 


27 


8609 


.56 


4 


■535E-04 


2 


. 130E-10 


3 


. 195E-03 


3 


.834E-03 


0. 


06 


25 


26 


319284 


.80 


3 


. 897E+00 


4. 


. 936E-08 


3 


. 230E-04 


2. 


076E-04 


-0 


.16 


15 


28 


8537 


.60 


2 


.307E-03 


1 


. 093E-09 


1 


.250E-02 


1 


.498E-02 


0. 


06 


25 


27 


26677 


.34 


1 


. 220E-03 


1 


■849E-10 


2 


.889E-04 


2 


. 704E-04 


-0 


.02 


15 


30 


4072 


.47 


1 


.521E-08 


1 


■510E-14 


1 


.519E-06 


1 


.620E-06 





.02 


25 


23 


25998 


.34 


2 


.328E-03 


3 


.621E-10 


4 


.467E-04 


4. 


. 188E-04 


-0 


.02 


15 


31 


4069 


.74 


1 


.500E-05 


1 


■490E-11 


1 


.000E-03 


1 


.070E-03 





02 


25 


31 


5986 


.20 


5 


.927E-06 


4. 


. 004E-12 


1 


■242E-04 


1 


. 186E-04 


-0 


.01 


15 


33 


2997 


.98 


2 


.011E-07 


2 


.712E-13 


2 


.516E-05 


2 


.782E-05 


0. 


03 


25 


32 


3923 


.58 


4 


.965E-03 


5 


.117E-09 


2 


.217E-01 


2 


. 304E-01 





.01 


15 


34 


1977 


.20 


1 


.159E-05 


2 


371E-11 


1 


.011E-02 


1 


.092E-02 





.03 


25 


33 


3923 


.21 


2 


.757E-06 


2 


. 842E-12 


1 


.539E-04 


1 


.599E-04 





.01 


15 


36 


1703 


.27 


5 


.336E-05 


1 


. 267E-10 


4 


.854E-02 


5 


. 134E-02 


0. 


.02 


25 


36 


1966 


.80 


9 


.221E-07 


1 


■896E-12 


5 


.449E-04 


5 


. 544E-04 





.01 


15 


37 


1703 


.09 


7 


346E-06 


1 


.744E-11 


1 


.003E-02 


1 


.061E-02 


0. 


.02 


26 


28 


28302 


95 


3 


.250E-03 


4 


. 644E-10 


4 


.834E-04 


4. 


676E-04 


-0 


.01 


16 


18 


47274 


.62 


7 


.025E-01 


6 


. 009E-08 


2 


. 989E-02 


3 


. 135E-02 


0. 


02 


26 


32 


3972 


.40 


3 


.736E-06 


3 


.803E-12 


1 


. 608E-04 


1 


680E-04 





.01 


16 


21 


35886 


.03 


4 


.952E-02 


5 


. 580E-09 


4 


.817E-03 


5 


. 793E-03 





06 


26 


33 


3972 


.02 


4 


.703E-03 


4 


. 788E-09 


2 


.531E-01 


2 


644E-01 





.01 


16 


22 


35897 


.62 


8 


.354E-02 


9 


■411E-09 


1 


.218E-02 


1 


. 489E-02 


0. 


.07 


27 


30 


7727 


92 


6 


.735E-03 


3 


. 524E-09 


9 


■841E-02 


9 


408E-02 


-0 


.01 


16 


27 


9004 


.87 


2 


■026E-03 


9. 


100E-10 


1 


. 248E-02 


1 


■519E-02 


0. 


.06 


27 


31 


7718 


.07 


1 


■743E-02 


9 


. 132E-09 


1 


.704E-01 


1 


.638E-01 


-0 


.01 


16 


29 


5999 


.27 


1 


.473E-06 


9 


■931E-13 


9 


■202E-05 


1 


.027E-04 





.04 


27 


33 


4599 


.65 


2 


.529E-03 


2 


. 223E-09 


8 


.762E-02 


9 


.265E-02 





.02 


16 


30 


4158 


.83 


4 


.205E-07 


4. 


.089E-13 


3 


.942E-05 


4 


. 224E-05 


0. 


02 


27 


34 


2566 


.64 


2 


.761E-07 


4. 


349E-13 


1 


.101E-04 


1 


.151E-04 





.01 


16 


31 


4155 


.98 


1 


.283E-06 


1. 


249E-12 


8 


.037E-05 


8 


.633E-05 


0. 


02 


27 


36 


2123 


.34 


1 


.066E-06 


2 


■029E-12 


5 


.004E-04 


5 


. 125E-04 





.01 


16 


34 


1997 


.34 


3 


.017E-05 


6 


.108E-11 


2 


.553E-02 


2 


.763E-02 





.03 


27 


37 


2123 


.06 


2 


.259E-05 


4. 


■302E-11 


1 


.592E-02 


1 


.631E-02 





.01 


16 


35 


1997 


.02 


7 


■954E-06 


1. 


611E-11 


1 


.347E-02 


1 


.457E-02 


0. 


03 


28 


31 


7776 


.84 


9 


.647E-03 


5 


.016E-09 


9 


.220E-02 


8 


. 857E-02 


-0 


.01 


16 


36 


1718 


.19 


4 


■008E-06 


9 


■432E-12 


3 


.552E-03 


3 


.763E-03 


0. 


.02 


28 


32 


4620 


.97 


3 


.387E-03 


2 


. 964E-09 


9 


.259E-02 


9 


795E-02 





.02 


16 


37 


1718 


.01 


7 


. 666E-06 


1. 


.804E-11 


1 


.019E-02 


1 


■081E-02 


0. 


.02 


28 


33 


4620 


.45 


5 


.970E-03 


5 


. 225E-09 


2 


.041E-01 


2 


. 158E-01 





.02 


17 


18 


129449 


.84 


2 


.770E+00 


8 


. 653E-08 


5 


740E-03 


5 


. 250E-03 


-0. 


.03 


28 


36 


2127 


.76 


2 


.712E-08 


5 


. 154E-14 


1 


.266E-05 


1 


.296E-05 





.01 


17 


19 


81532 


.82 


9 


.552E-02 


4 


. 738E-09 


4 


.754E-04 


6 


. 923E-04 


0. 


.12 


29 


30 


13556 


.56 


3 


.218E-11 


9 


.600E-18 


8 


.711E-11 


8 


499E-11 


-0 


.01 


17 


20 


76852 


.14 


7 


.760E-03 


4. 


.083E-10 


5 


.764E-05 


8 


.035E-05 


0. 


10 


29 


34 


2994 


.20 


6 


.491E-04 


8 


.766E-10 


1 


.631E-01 


1 


.737E-01 





.02 


17 


21 


69261 


.67 


8 


.318E-03 


4 


.856E-10 


1 


.125E-04 


1 


■431E-04 





.08 


29 


35 


2993 


.48 


1 


.297E-03 


1 


.752E-09 


6 


.520E-01 


6 


. 944E-01 





.02 


17 


23 


21440 


.36 


6 


, 106E-04 


1 


. 152E-10 


1 


.671E-04 


2 


. 440E-04 


0. 


.12 


29 


37 


2407 


.42 


2 


.530E-06 


4. 


. 250E-12 


1 


■223E-03 


1 


.269E-03 





.01 


17 


25 


16628 


.42 


3 


■049E-02 


7. 


.414E-09 


2 


.236E-02 


3 


. 220E-02 





12 


30 


34 


3842 


.99 


1 


.213E-05 


1 


.277E-11 


1 


.441E-03 


1 


.574E-03 





.03 


17 


26 


15805 


.28 


7 


.510E-03 


1 


. 922E-09 


5 


.131E-03 


7 


. 134E-03 





.10 


30 


35 


3841 


.81 


5 


■385E-06 


5 


668E-12 


1 


.281E-03 


1 


398E-03 





.03 


17 


27 


10243 


.49 


8 


.475E-03 


3. 


346E-09 


3 


. 545E-02 


4 


. 358E-02 


0. 


07 


30 


36 


2927 


.79 


2 


. 660E-03 


3 


. 674E-09 


4 


.765E-01 


5 


.007E-01 





.02 


17 


28 


10141 


.78 


1 


.025E-04 


4 


■089E-11 


3 


.314E-04 


4 


. 067E-04 


0. 


.07 


30 


37 


2927 


.25 


9 


.029E-08 


1 


. 247E-13 


2 


.427E-05 


2 


.553E-05 





.02 


17 


31 


4401 


.62 


2 


.370E-04 


2 


177E-10 


1 


. 249E-02 


1 


.338E-02 





02 


31 


33 


11384 


.08 


8 


.798E-06 


3 


125E-12 


2 


.011E-05 


2 


435E-05 





.06 


17 


32 


3174 


.53 


7 


.355E-05 


9 


■369E-11 


6 


.201E-03 


6 


.877E-03 





.03 


31 


34 


3845 


.43 


3 


.315E-05 


3 


.486E-11 


3 


.932E-03 


4 


.283E-03 





.03 


17 


33 


3174 


.29 


2 


.064E-05 


2. 


.629E-11 


2 


. 175E-03 


2 


.412E-03 


0. 


03 


31 


36 


2929 


.20 


2 


. 162E-09 


2. 


.985E-15 


3 


.867E-07 


4 


.057E-07 





.02 


17 


36 


1758 


.77 


4 


.111E-05 


9. 


■451E-11 


3 


.397E-02 


3 


.593E-02 


0. 


02 


31 


37 


2928 


.67 


2 


.621E-03 


3 


.619E-09 


7 


.036E-01 


7 


.388E-01 





.02 


18 


20 


189143 


.18 


8 


.405E-01 


1 


. 797E-08 


4 


. 188E-04 


9 


. 874E-04 





.25 


33 


36 


3944 


.03 


4 


■585E-11 


4 


.701E-17 


3 


.360E-09 


3 


.347E-09 


-0 


.00 


18 


21 


148964 


.70 


1 


.398E-02 


3 


. 795E-10 


1 


.901E-05 


3 


. 394E-05 


0. 


.18 


34 


36 


12293 


.92 


9 


.583E-03 


3 


. 152E-09 


2 


.319E-02 


2. 


148E-02 


-0 


.03 


IS 


22 


149164 


68 


6 


.264E-01 


1 


. 698E-08 


1 


. 273E-03 


2 


.411E-03 


0. 


.19 


34 


37 


12284 


.56 


1 


.700E-02 


5 


.598E-09 


6 


.185E-02 


5. 


757E-02 


-0 


.02 


IS 


25 


19079 


.24 


2 


.063E-02 


4. 


. 373E-09 


1 


■002E-02 


1 


. 534E-02 


0. 


13 


35 


37 


12296 


64 


5 


.332E-03 


1. 


754E-09 


1 


. 934E-02 


1. 


803E-02 


-0 


.02 


18 


27 


11123 


.72 


8 


380E-04 


3 


.046E-10 


2 


.737E-03 


3 


. 447E-03 


0. 


07 






























18 


28 


11003 


.88 


1 


■540E-02 


5 


.658E-09 


3 


.896E-02 


4 


.896E-02 


0. 


.07 






























18 


30 


4559 


.98 


9 


.873E-05 


8 


756E-11 


7 


.022E-03 


7 


.540E-03 


0. 


.02 






























18 


31 


4556 


.56 


1 


. 197E-04 


1 


.063E-10 


5 


.690E-03 


6 


. 127E-03 





.02 






























18 


33 


3254 


.09 


1 


.073E-06 


1 


.333E-12 


1 


.050E-04 


1 


. 169E-04 


0. 


.04 






























18 


34 


2085 


.45 


7 


.636E-06 


1. 


.481E-11 


5 


.678E-03 


6 


. 152E-03 





03 






























18 


36 


1783 


.00 


5 


. 138E-05 


1 


. 165E-10 


4 


.075E-02 


4 


.318E-02 





.02 






























18 


37 


1782 


.80 


1 


.382E-04 


3 


. 136E-10 


1 


.645E-01 


1 


.744E-01 


0. 


02 






























19 


23 


29090 


.06 


5 


■213E-02 


7. 


. 247E-09 


5 


.712E-03 


8 


. 347E-03 





12 






























19 


24 


26680 


.18 


1 


. 248E-03 


1 


.891E-10 


1 


.477E-04 


2 


. 040E-04 





.10 






























19 


25 


20888 


.60 


5 


.226E-03 


1. 


012E-09 


1 


.933E-03 


2 


.777E-03 





.11 






























19 


26 


19605 


.92 


1 


.194E-01 


2 


.463E-08 


4 


. 274E-02 


5 


.876E-02 


0. 


.10 






























19 


23 


11582 


.52 


4 


.493E-02 


1 


.569E-08 


9 


.750E-02 


1 


.167E-01 





06 






























19 


32 


3303 


.14 


1 


.628E-05 


1. 


.993E-11 


1 


.218E-03 


1 


.336E-03 


0. 


03 






























19 


33 


3302 


.88 


3 


.590E-05 


4 


■395E-11 


3 


.359E-03 


3 


.682E-03 


0. 


.03 































MCDHF energy levels 

APPENDIX C: RECOMMENDED VALUES 
FROM MCDHF (G) AND MCHF (B) 

Position: 

1 - 3 Lower Level (index from Table 1.) 

4 - 6 Upper Level (index from Table 1.) 

7-16 Wavelength (in Vacuum, Angs) 

17 - 27 A_ki(E2) in 1/s 

28 - 38 A_ki(Ml) in 1/s 

39 - 49 A_ki(E2) + A_ki(Ml) in 1/s 

50-51 G (best from MCDHF) and 

B (best from MCHF + Breit-Pauli) 
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and transition probabilities for 3d 5 in Fe IV 
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